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The nematode or roundworms have simple structure and widespread 
distribution. They are triploblastic, bilaterally symmetrical, unsegmented, 
pseudocoelomate animal. In general they possess elongate, cylindrical bodies. 
The body is covered by a tough and resistant cuticle, the somatic musculature 
consists of smooth muscle. Oral aperture is terminal, and is surrounded by iips and 
papillae. The nervous system consists of a circum-oesophageal nerve ring and 
longitudinal nerves. The circulatory and respiratory systems are absent, whereas 
the excretory system is primitive and without cilia. The digestive system consists 
of a buccal cavity, oesophagus, intestine and rectum. The sexes are usually 
separate, the reproductive organs are tubular. The females have a separate genital 
pore, the males have a cloaca and well-developed copulatory apparatus consisting 
of spicules, gubemaculum etc. The females are oviparous or ovoviviparous, and 
there are four juvenile stages. 
Nematodes have been recorded from Antartic ice as well as hot springs, 
there are soil, freshwater and marine free-living nematodes and parasites of 
animals and plants. It is often claimed that we live in the age of the insects. All 
insects that have been examined in detail have at least one nematode species as a 
parasite. A good case can be made for this being the age of nematodes as well. The 
estimated number in an acre of agricultural land varies from 3-9,000,000,000. The 
estimated annual financial loss due to nematodes for major world crops in the mid 
- 1980s was over $30,000,000,000. 
Entomophilic nematodes are the major group of nematode parasites of 
arthropods. The two primary taxonomic divisions of Nematoda are Rhabditea and 
Enoplea (Adamson 1987a). Entomophihc nematodes vary greatly in size and 
shape, have insects as intermediate or as definitive hosts; could be facultative or 
obligatory parasites in their hosts and often involve other micro-organisms in 
relationship with their host. 
The first complete description of insect Oxyurids were given by 
Hammerschmidt(1838). The taxonomic work on oxyurid nematodes of arthropods 
by Leidy (1849, 1850, 1853) erected a new genus Thelastoma of the family 
Thelastomatide. Filipjev (1889-1934) may be named as father of insect 
nematology. 
Travassos (1920, 1925, 1929) had a long series of publicafions contribufing 
to the knowledge of oxyurids and thelastomatids in Diplopoda, Chilopoda and 
Insecta, and modified various genera and species of earlier workers. Travassos and 
Kloss (1957, 1965,) worked on the nematode parasites of arthropods. Schwenck 
(1926) and Artigas (1926) have contributed to our knowledge of insect nematodes. 
Cobb (1927) stressed the potential of nematodes in controlling insect pests. 
Chitwood (1932) published a synopsis of nematodes parasitic in insects 
describing many new species of thelastomatid nematodes. Chitwood and 
Chitwood (1934) reported nematode parasitism in Philippmes cockroaches and 
discribed 5 new species. Chrisfie(l 931,1938) described Thelastoma 
macramphidum from Osmoderma and redescribed Thelastoma robustum. 
Chitwood and Chitwood (1950) in the book "An Introduction to 
Nematology" provided extensive knowledge of nematodes of various groups 
including insect nematodes . Basir (1940, 1956) in his monographic study 
provided detailed descriptions, classification, host-parasite list and keys of almost 
all the species described at that time from all over the world. He reported 9 new 
and 79 known species representing 30 genera. Todd (1943) reported male of 
Thelastoma icemi for the first time. Goodey (1951) and Goodey (1963) produced 
books on systematics of nematodes associated with insects. Anaur (1987) worked 
on the nematode parasites of the family Thelastomatidae in Periplaneta americana 
.Adamson and Noble (1992) worked on the structure of Oxyurid nematodes in 
American cockroaches. 
Singh and Singh (1955) described 5 new species and one known species of 
thelastomatid nematodes. Rao (1958) studied a number of nematode parasites of 
insects and other arthropods from Hyderabad and reported 9 new and 12 known 
species representing 20 genera. Rao and Rao (1966) described a new species from 
spotted roach with comments on the two allied genera, Schwenkiella Basir, 1956 
and Cephalobellus Cobb, 1920. Farooqui (1968, 1970) published work on some 
known new genera and species of the family Thelastomatidae. He described 21 
new and 4 known species belonging to 17 genera and reported male of Thelastoma 
spicatum. Tewarson and Gupta (1976) reported nematode parasites of arthropods 
and synonymised 2 related genera of the family Thelastomatidae namely 
Schwenkiella and Thelastoma. Gupta and Kaur (1978) worked on nematodes from 
invertebrates in Northern India. Parveen and Jairajpuri (1980-1985) worked on the 
taxonomy of nematodes of arthropods and reported 12 new 11 known species 
representing one new and 14 known genera, from North India. Gupta and Lamba 
(1981) reported nematode parasites of arthropods from Chandigarh. Sharma and 
Gupta (1983a,b) described 2 new species from Barielly, North India. Ahmad et al. 
(1986) reported a new species of nematode parasitizing arthropod from 
Maharashtra. Duggal and Aulakh (1988) worked on nematode parasites infecting 
household insects in North-West India . Singh and Kaur (1988) described 
Hammershmidtiella basiri from Periplaneta americana. Mathur and Khera (1989) 
studied the influence of host stage and sex on the size and composition of the 
nematodes parasitic in Periplaneta americana. 
Adamson and Waerebeke (1992a) revised the nematodes of the family 
Thelastomatidae. Adamson and Noble (1992) worked on the structure of oxyurid 
nematodes in American cockroaches. Renapurkar and Gosavi (1993) reported the 
effects of multiple species infection of nematodes in Periplaneta americana in 
Bombay , India. Mojumdar and Khan (1992) reported 1 new species of the family 
Thelastomatidae and infection in hindgut of Periplaneta americana. Hunt (1993) 
described two new species of nematodes from Sulawesi and Pupua New Guinea. 
Rizvi and Jairajpuri (1995) performed scanning electron microscopy on the 
nematode parasites of insect first time in India. Rizvi and Jairajpuri (1997a) 
performed SEM on some Thelastoma spp. from Periplaneta americana. Rizvi et 
al. (1997b), Rizvi and Jairajpuri (2000a, b) provide information of Oogenesis and 
Gametogenesis in thelastomatid nematodes. 
Singh and Agarwal (1997,1998) worked on early embryonic development 
of H. diesingi and validity of various species of the genus and described a new 
species Schwenkiella orientalis from P. americana. Rizvi et a/. (1998) described a 
new species of the family Travassosinematidae from mole cricket from India with 
SEM observations on Leidynema appendiculatum of the family Thelastomatidae . 
Camino and Reboredo (1999,2001) described two new species of nematode from 
mole cricket from Argentina. Rizvi et al, (2002) described 2 new species of the 
family Thelastomatidae and Protrelloididae respectively . 
Traditionally, taxonomists have relied on morphological criteria to set 
taxonomic boundaries in parasitology. However, it is important to know if 
morphological characters are reliable for distinguishing species. Neither cryptic 
nor polymorphic species were detected in this study. Advances in molecular 
biology allow routine analysis of DNA to help taxonomic problems, because DNA 
is the ultimate blueprint of that nematode. The combined use of molecular and 
morphological techniques allow polymorphic species to be detected precisely. 
Molecular studies on nematodes are important not only in identifying the species 
fairly reliable, but also in locating differences at the subspecies level or even at a 
lower intraspecies categories, such as different races. These methods are all the 
more handy tools for the study of fossil records of nematodes and characterize the 
resistance breaking populations. 
In molecular taxonomy, the sequence of DNA which is free of coding re-
stains can be expected to reveal differences between species. For these reasons, 
we can use satellite DNA , introns , ribosomal gene spacers , variant genes and 
other non conserved DNA. Molecular identification exploit the polymorphic 
regions of the genome. Some of the hot sites of polymorphic DNA are ribosomal 
DNA (rDNA), mitochondrial DNA (mtDNA) or short interspersed nuclear 
elements (SINES). 
The rDNA cistron has two internal transcribed spacer (ITS-1 and ITS-2) 
and internal generic sequences (IGS). The variable length of IGS sequences, ITS-1 
and ITS-2 sequences are used to separate species and also some variation among 
related species and hence used as taxonomic markers due in part to the 
phenomenon of conserved evolution. 
The ITS region is flanked by conserved sequences which can be used in the 
design of primers for amplification of intervening region by Polymerase Chain 
Reaction (PCR). The presence of multiple copies in each cell provides large 
number of target sequence for PCR. Hence, the ITS versatility, specificity, ease of 
experimental manipulation and growing ITS databases should accelerate its 
application in nematology. 
The different molecular approaches to DNA diagnosis are by analysing 
iragments of DNA produced by digestion of the total genomic DNA with 
restriction enzymes (Curran et al., 1985). However, this approach is time 
consuming and requires large amount of DNA and is not particularly sensitive, 
exploits only a small portion of the genetic variation present in the genome. The 
advances in molecular basis for DNA diagnosis has resulted in a labelled single 
stranded species or strain- specific DNA sequences selected from well 
characterized reference species to find and hybridize with homologous DNA from, 
or in the unknown isolates of the parasite. DNA probes are now available for most 
vector bom diseases. Recently PCR has given us the opportunity of amplifying 
even single copy of gene to give sufficient DNA for positive identification. 
The species diagnostic PCR technique can provide an unambiguous and 
relatively rapid identification of morphologically similar species. Restriction 
Fragment length polymorphism (RFLP) is the type of polymorphism that effects 
restriction fi^agment sizes. PCR-RFLP will also be a useful experimental tool to 
identify female nematodes of different species, where morphological criteria are in 
sufficient to delineate between species. 
Botstein et al, (1980) were the first to describe the type of DNA with 
restriction enzymes (such as Alul, Neil, EcoRI, Eco O 1091, NotI) that cut the 
DNA into many small fi-agments. The resulting fi-agments are then electophoresed 
along with DNA markers of known molecular weight on agarose gel for their 
resolution. The variations are noted in band patterns for the presence or absence of 
alleles and scored accordingly. 
Recent advances in DNA technology now make possible the rapid and 
reliable analysis of the nematode genome using restriction endonucleases (Curran, 
Baillie & Webster, 1985). Curran et al., (1985) demonstrated that restriction 
length differences (RFLDs) can differentiate nematode species. 
The ITS, intergenic spacer (IGS) and rDNA genes from a single individual 
tend to be similar to one another, although generally being distinct from those of 
other species (Elder and Turner, 1995). 
The application of the ITS to identification has received the attention by 
large number of nematologists (Campbell et al, 1995; Epe et al, 1996; Cherry et 
al. ,1997; Chilton et al. ,1995; Fallas et al. 1996; Ferris et a/., 1993,1994,1995; 
Crasser and Hoste, 1995; Hoste et al. 1995; Ibrahim et al. ,1994, 1997; Joyce et 
al, 1994; Kaplan, 1994; Nasmith et al., 1996; Orui 1996; Reid 1994; Szalanski et 
al, 1997; Vrain etal, 1992; Zijlstra etal, 1995 , 1997). 
Any species, population, or ecological community of nematodes can be 
analyzed using a molecular approach based on the rDNA ITS region (Vrain & 
McNamara, 1994). 
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1. Collection of the host: 
The insects (cockroaches) were collected regularly from May 2002 to 
August 2002 from different localities of Aligarh (West U.P) and brought to the 
laboratory in live conditions. 
2 Collection and isolation of nematodes: 
The hosts were anaesthetized with chloroform and dissected immediately 
for parasites. The gut was removed and transferred to the petridish in normal 
saline. The alimentary canal was teased out and the contents were mixed with 
saline. The petridish was kept undisturbed for a few minutes allowing the contents 
to settle dovm at the bottom. The nematodes of insects and arthropods are easily 
spotted by the naked eye, due to their size and movement. However, the small-
sized nematodes were picked with the help of a needle and were observed under 
the low power stereoscopic binocular microscope. 
The nematodes were then transferred to cavity blocks containing normal 
saline. A preliminary examination under the binocular microscope was carried out 
in order to study their activity, movement, colour and certain morphological 
details which cannot be observed after fixation. 
Formula of normal saline for invertebrates 
NaCl - 7.0g 
KCl -0.3g 
CaCl-O.lg 
MgS04- 0.3g 
All contents dissolved in 1 litre of distilled water. 
3. Killing and fixation of nematodes: 
The nematodes in normal saline were allowed to relax at room temperature 
for two to three hours and then the saline was removed with the help of a dropper. 
The nematodes were then killed and fixed with the hot TAF (triethanolamine 
formalin ) fixative (Courtney, Polly and Miller, 1955). 
TAF was prepared by mixing the following: 
Triethanolamine - 2 ml 
Formalin - 7 ml 
Distilled water -91ml 
TAF was boiled in a beaker and then poured over the nematodes kept in 
cavity blocks. The nematodes were then left in TAF for at least 24 hours. 
4. Dehydration, mounting and sealing: 
For gradual dehydration, fixed nematodes were transferred to glycerine-
alcohol (5 parts glycerine and 95 parts 30% ethanol) and placed in dessicator 
containing anhydrous calcium chloride as a dehydrating medium, at room 
temperature for about two to three weeks. During this period the alcohol 
evaporated, leaving the nematodes in pure glycerine. 
The dehydrated nematodes were then mounted in anhydrous glycerine on 
double coverslip aluminium slides or glass slides. Glass wool of suitable thickness 
was used to prevent flattening or crushing of the nematodes and then the edges of 
coverslips were sealed with nailpolish. 
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Lactophenol was used as a quick clearing and temporary mounting 
medium. 
Formula for preparing Lactophenol 
Phenol -Ipart 
Distilled water - Ipan 
Lactic acid -Ipart 
Glycerine -2part 
5. Measurements: 
The dimensions of nematodes were taken by using an ocular micrometer 
and stage micrometer was used to find out one ocular division which is calculated 
as follows; 
No. of divisions on stage micrometer 
1 Ocular division = x 0.01 mm 
No. of divisions on ocular micrometer 
The illustrations were drawn with the help of a camera lucida. 
6. DNA isolation: 
DNA was isolated and purified to some extent and the degree of purity was 
dependent on the intended use of the preparation. DNA of nematodes was isolated 
according to the following protocol. 
1. The nematodes were pelleted by spinning 10,000 revolution per 
minutes (rpm) for 5minutes. 
II 
2. The pellet was suspended in 700^1 lysis buffer (O.OIM Tris pH 8, O.IM 
NaCl, 0.01 Ethylene-diamine-tetra-acetic acid disodium salt (EDTA), l%Sodium 
dodecyl sulphate (SDS). 
3. Added 2^1 of 20mg/ml Protinase K in the suspension and incubated at 37 c^ 
for Ihour. 
4. Phenol chloroform extraction procedure was followed: 
a. Extracted with one volume of phenol: chloroform: isoamyl alcohol (PCIA) 
and spimied at 13,000 rpm for 5 minutes. 
b. Extracted with one volume of chloroform: isoamyl alcohol (CIA), spinned 
at 13,000rpm for Sminutes. 
5. Upper aqueous phase was taken and added 0.1 volume of Sodium Acetate 
(NaOAc), one volume of Isopropanol and kept at 20°c for Ihour. and then 
spinned at 13,000rpm for 15 minutes. 
6. Upper aqueous phase was decant, pellet was washed with 500^1 70% 
ethanol (EtOH) and spinned at 13,000 rpm for 1 Sminutes. 
7. Upper aqueous phase was decant, pellet was dried and dissolved in 40|il 
TE (Tris-EDTA). 
For the assessment of purity and intactness of a DNA preparation mini gel 
was used. 
DNA concentration was measured by using Spectrophotometer (Spectronic 
1001) at 260 nm wavelenght. 
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7. DNA amplification: 
Polymerase Chain Reaction (PCR) 
Primers for ITS-1 
1. rDNA 2 5'- TTGATTACGTCCCTGCCCTTT- 3' (Vrain et al. 1992) 
rDNA 1.58S 5 ACGAGCCGAGTGATCCACCG 3 (Cherry et al. 1997) 
2. ITS 1-F40 5 GTTGGGCTAGCGTTGGCACC 3 (Szalanski et al. 1997) 
ITS1-R380 5 CCAGTCAGTGTGTTATGTGC 3 (Szalanski et al 1997) 
3- IGS 283-N 5^-TTCGAGTAAGCGCGGGTAAACG-3'(Petersen & 
Vrain 1996) 
185-0 5'-CAGTTCAGGCAGGATCAAC-3'(Petersen &Vrain 1996) 
The PCR reaction include . 
lOOng/nl Template DNA - 3|il 
10 X Reaction buffer - 5\x\ 
dNTP - 1^ 1 
100)iM Forward Primer - l^ il 
lOO^ iM ReversePrimer - l|il 
lU/^ il Taq Polymerase - 2^ il 
D.D.W. . 37^ 11 
Total - 50|il 
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8. The PCR condition: 
Annealing temperature is 55°C 
Initial Denaturation 94V for 10' 
Denaturation 94V for 45'' 
Annealing 55 C for V 
Polymerization 12^C for 2' 
Final polymerization 72 V for 10' 
DNA was amplified by PCR using a Programmable Thermal Controller 
(PTC-IOOMJ Research). 
9. To check gel: 
1. The size of the amplicon was measured by running the molecular size 
marker on the same gel as the amplicons. One kilobase (Ikb) DNA marker was 
used for screening. 
2. Agrose gel was casted using 1% agrose in TBE buffer. 3)j.lof lOmg/ml 
ethidium bromide was added in the gel. 
3. The wells of the gel were loaded with 8 jil of PCR product combined with 
2|il lOx gel dye bromophenol blue (BPB). 
4. The gel was placed in the gel box which contained Ix TBE solution. 
5. Gels was run for approximately one hour at 100 volts until the BPB marker 
had reached the bottom of the gel. 
6. Gels were visiualized under UV transilluminator and photographed. 
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Travassos (1920) proposed two families Lepidonemidae and Isakidae to 
accommodate all the Oxyurid parasites of arthropods. He further divided this 
family into two subfamalies viz., Lepidonemidae and Hystrignathinae. However, 
Baylis and Daubney (1926), placed the various genera of this group under the 
families Oxyuridae and Rhabditidae. 
Travassos (1929) revised his previous classification and suppressed the 
subfamily Hystrignathinae Travassos,1919 and restricted the family 
Lepidonemidae only to three genera Lepidonema Cobb, 1898, Hystrignathus 
Leidy, 1850 , and Pulchrocephala Travassos, 1925. He proposed a new family 
Thelastomatidae to contain all the remaining genera of Oxyurid nematodes of 
arthropods except for the genera Isakis Lespes, 1856, Rhigonema Cobb, 1898 and 
Icthyocephalus Artigas 1926, which were retained in the family Isakidae . The 
family Thelastomatidae was divided into four subfamilies, viz., Thelastomatinae, 
Aorurinae, Oniscolinae and Ransomnemitinae. Later, Chitwood, 1932, merged the 
family Lepidonemidae with Thelastomatidae and divided it into three subfamilies 
Hystrignathinae Travassos, 1920, Thelastomatinae Travassos, 1929 and 
Protrelloidinae Chitwood , 1932. The members of Hystrignathinae possess spines 
in the anterior region of the body, Thelastomatinae have vulva posterior to 
oesophageal bulb, while Protrelloidinae have vulva anterior to esophageal bulb. 
Basir (1956) accepted Thelastomatidae as a distinct natural group under 
Oxyuroidea but he did not agree with the classification given by Chitwood, 1932 
1.5 
and pointed out that the subfamily Hystrignathinae lost its identity when species 
with or without spines were described in it. 
In 1977, Poinar classified the order Oxyurida into four superfamalies 
(modified after Skrjabin, Schikobalova and Lagodovskaya, 1966) namely 
Comostomatoidea, Hystrignathoidea, Rhigonematoidea and Thelastomatoidea. 
The superfamaliy Thelastomatoidea has been variously subdivided by 
Kloss (1960), Skrjabin et al.{1966), Poinar (1978) and later by Adamson and 
Waerebeke (1992) defined the family Thelastomatidae according to the 
classification given by Chitwood (1932). 
Diagnosis: Mouth of females surrounded by eight sub-median papillae. Amphids 
represented externally by cuticular or oval openings. Oesophagus consisting of 
anterior corpus which may or may not be modified into a pseudobulb, a distinct 
isthmus may be present, leading to a posterior valvular end bulb. Gonads 
monodelphic or amphidelphic. Males with single testies, spicule single or may be 
absent and caudal papillae upto nine pairs or none. 
Key to the families of the Superfamily Thelastomatoidea 
1. Vulva anterior to base of esophagus Protelloididae 
-Vulva posterior to base of esophagus 2 
2. Cervical cuticle with transverse rows of spine Hystrignathidae 
- Cervical cuticle without spines 3 
3. Eggs with filaments 4 
- Eggs without filaments Thelastomatidae 
4. Egg filaments twisted around shell, polar egg filaments 
absent Pseudonymidae 
- Egg filaments not twisted around shell, polar egg filaments 
present Chitwoodiellidae 
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Family Thelastomatidae 
Diagnosis: Mouth of females surrounded by eight sub-median papillae or labial 
papillae. Amphids represented externally by circular or oval openings. Esophagus 
consisting of anterior corpus which may or may not be modified into pseudobulb, 
a distinct isthmus may be present, leading to a posterior valvular end bulb. Gonads 
monodelphic or amphidelphic. Males with single testies, spicule single or none 
and caudal papillae upto nine pairs or completely absent. 
Genus Thelastoma Leidy, 1849 
Schwenck (1926) proposed Bulhoesia for nematodes described by de 
Magalhaes (1900) as Oxyuris bulhoesia from P. americana, but Travassos (1929) 
transferred these to Thelastoma and Bulhoesia fell in synonymy with Thelastoma. 
Cobb (1929) proposed the subgenus T. (Thelastomellum) for T. myolabiatum 
(T. labiatum Leidy), but this subgenus was not recognised by subsequent authors. 
Basir (1956) gave a detailed account of the various species of the 
Thelastoma. Total number of species described at that time was 47, out of which 
29 were transferred to other genera, out of the remaining 18 species 14 were 
shifted to Thelastoma. Basir (1956) gave discriptions of 8 species and the rest 6 
species were regarded as species inquirendae due to inadequate information. 
Another species was added by Rao (1958), one by Waerebeke (1969) and two by 
Farooqui(1970). 
Basir (1956) erected anew genus Schwenkiella for the species of the 
Thelastoma possessing the excretory pore posterior to the base of oesophagus. 
Tewarson and Gupta (1976) did not agree with the distinction of the two genera 
Schwenkiella and Thelastoma since they found that the only distinguishing 
character, the position of excretory pore was of variable nature and therefore 
synonymized the genus Schwenkiella with the genus Thelastoma. 
Parveen and Jairajpuri (1980, 1983) considered the position of excretory 
pore valid enough for the distinction of the two genera Thelastoma and 
Schwenkiella and described two new species, S. basiri and S. atheri under the 
genus Schwenkiella. Later, Adamson and Waerebeke (1992) while revising the 
genus Thelastoma did not accept the distinction between these two genera, and 
transferred all the species of Schwenkiella to the genus Thelastoma but nothing 
was mentioned about the two species described by Parveen and Jairajpuri, 
therefore a new name Thelastoma rafiai was proposed for Schwenkiella basiri 
(Parveen & Jairajpuri, 1980) Rizvi and Jairajpuri, 1997 since Thelastoma basiri 
(Farooqui, 1970) was preoccupied and thus S. basiri has become a junior 
homonym and a new they proposed a new combination S. atheri (Parveen & 
Jairajpuri, 1983) as Thelastoma atheri n.comb. 
At present the total number of species described from all over the world is 
54 out of which 19 species are reported from India. Key to the Indian species of 
Thelastoma is provided. 
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Diagnosis: 
Female: Mouth is surrounded by eight labial papillae, amphids present. Buccal 
cavity simple, without ornamentation. Lateral alae present or absent. Oesophagous 
consisting of an anterior corpus, an isthmus and a posterior vulvar bulb. Excretory 
pore pre or post oesophageal or lying at the level of esophagus bulb. Tail long, 
filiform. Vulva at or posterior to mid-body sometimes just above the anus. Vagina 
short. Eggs broadly oval. 
Male: Cephalic extremity formed by single expanded annule. Genital cone 
prominent, supporting long filiform caudal appendage. One pair preanal, one pair 
adanal and one median duplex postanal papillae or genital cone. One pair of 
papillae on caudal appendage. 
Thelastoma basin Farooqui, 1970 
(Fig.l) 
Dimensions: 
Females (n = 5): L = 2.335 - 2.9 (2.5 ± 0.26) mm; a = 11.8 -13.7 (12.96 ± 0.82); b 
= 5.439 - 6.66 ( 5.89 ± 0.56 ) ; c - 2.62 - 3.7 ( 3.285 ± 0.49 ) ; v - 45.8 - 50.9 ( 48.52 ± 
2.34 ) ; Oesophagus = 0.424 - 0.491 (0.445) mm; Tail - 0.717 - 0.889 (0.779 ± 0.07) mm; 
egg = 65.69 - 77 X 41-56 ^m. 
Description (Based on five females): 
Worms long and filiform. Cuticle annulated. Annules after cephalic expansion 
measures 6 - 10 ^m in depth, at mid body 10 - 15 |im in depth, and at the posterior 
end of the bodyl2 - 17 |im in depth. Head is set off from rest of the body with a 
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hood- like cephalic expansions which comprises of head and first annule 
measures 19.6-24.64 x 39-43 [im. Mouth surrounded by eight labial papillae, 
amphids present. Buccal cavity is highly cuticularized and measures 15-19x14-
15 |im. Oesophagus have a corpus of uniform thickness which measures 0.314 -
0.335 mm long, 0.031 - 0.041 mm wide, a distinct isthmus 0.028 - 0.036 mm 
long, 0.032 - 0.041 mm wide and an end bulb almost spherical in shape, 0.078 -
0.089 mm long, 0.078 - 0.092 mm wide. Nerve ring located posterior to middle of 
corpus at 0.196 - 0.196 mm. Excretory pore opens at the level of middle of 
oesphageal bulb at 0.40 - 0.44 mm from anterior end of the body.. Vulva a little 
anterior to midbody at 1.175 - 1.375 mm from anterior end of body. Ovaries 
didelphic, amphidelphic arrangement. Vagina muscular and directed anteriorly. 
Tail long and filiform, 0.75 - 0.86 mm or about 1/3^ '^  of total body length. Eggs 
varies from spherical to oval shape with 2-3 cells. 
Male: Not known. 
Host: Periplaneta americana 
Site: Intestine 
Locality: Aligarh 
Discussion : Thelastoma basiri was first described by Farooqui,1970 from 
Aurangabad, Maharashtra from Periplaneta americana and later by Parveen and 
Jairajpuri in 1980 from Aligarh, Uttar Pradesh from the same host. The present 
worms resemble in all the body measurements to those described by Farooqui, 
Parveen and Jairajpuri. However, the excretory pore in the present worms is 
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slightly posterior in position varying from middle to the posterior end of the 
esophageal bulb. Nerve ring is placed obliquely with the dorsal side most anterior. 
Eggs in 2-3 celled stage more mature near vulval opening. 
Thelastoma raf/a/Parveen and Jairajpuri, 1980 
(Fig. 2) 
Dimensions: 
Females (n = 5) : L = 2.575 - 3.260 ( 2.917 ± 0.324 ) mm; a = 12.78 - 15.3 
(14.396 ± 0.975); b = 6.5 - 7.5 ( 6.92 ± 0.425); c = 3.49 - 4.2 (3.894 ± 0.30); v = 
43.2 - 50.4 (48.77 ± 2.26); oesophagus = 0.363 - .461 (0.4155) mm; Tail = 0.7-
0.775 (0.745 ± 0.030) mm; egg = 72 - 78 x 49 - 63 [xm. 
Description (Based on five females): 
Body cylindrical, anterior end tapering, tail filiform. Cuticle annulated. 
First annule 7.29 - 12.15 |im, midbody annule 12.5 x \70 [im and posterior body 
annulel4 x 121 |im. Mouth surrounded by eight labial papillae, amphids present. 
Buccal cavity distinct, 12 - 14 jim long, 14 - 15 jim wide. Oesophagus consists of 
a corpus, 0.310 - 0.343 mm long, 0.036 - 0.05 mm wide; a short isthmus 0.03 -
0.035 long, 0.032 - 0.036 mm wide, an end bulb; endbulb 0.103 - 0.114 mm long, 
0.109 - 0.110 mm wide. Excretory pore post-esophageal opening at 0.51 - 0.58 
mm from anterior end of the body. Cardia distinct. Ovaries two, amphidelphic. 
Vagina cuticularized, muscular and directed anteriorly. Tail 0.73 - 0.775 mm or 
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1/3.8"' to 1/4"' of total body length. Eggs oval with 2-3 cells. Eggs measuring 70 -
73 urn X 49 - 50 ^ m. 
Male : Not found. 
Host : Periplaneta americana 
Site : Intestine 
Locality : Aligarh (North India). 
Discussion: 
All body measurements of the present worms are in conformity with the 
range given by Parveen and Jairajpuri (1980), except for the position of the nerve 
ring which is slightly anterior, cuticularized vagina and eggs in 2-8 celled stage 
when deposited. Measurements of annulations shows that over all body is 
annulated but annulations become gradually increasing in length but width pattern 
shows tapering nature toward both extremities. 
Key to the Indian species of the genus Thelastoma 
1. Excretory pore anterior to the esophageal bulb 2 
- Excretory pore in the region of esophageal bulb 3 
- Excretory pore posterior to the esophageal bulb 7 
2. Corpus four and a half times longer than the bulb; spicule 35 mm long 
pachyjuli (parona, 1896) Travassos,1929 
- Corpus seven times longer than the bulb; spicule 52 \xm long 
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indica Rao, 1958 
3. Lateral alae present in males 4 
- Lateral alae absent in males 5 
4. Female tail 1/3''' of body length macramphidum (Christie, 193 l)Basir, 1956 
- Female tail l/5th of body length alii Farooqui, 1970 
5. Female tail 1/3"* to 1/2"'' of body length attenuatum Leidy, 1849 
- Female tail 1/4* of body length 6 
6. Cephalic papillae very prominent, head set off from the body 
basiriYoxooqux, 1970 
- Cephalic papillae not prominent, head not set off from the body 
spicatum (Cobb, 1929) Basir, 1956 
7. Spicule present 8 
- Spicule absent 11 
8. Lateral alae present in males 9 
- Lateral alae absent in males 10 
9. Female tail 1/3^ '' of body length; caudal papillae two pairs, single post anal 
median papillae present 
thapari(Singh & Singh, 1955).Adamson & Waerebeke, 1992 
- Female tail 1/5"' of body length, cuadal papillae three pairs, single postanal 
medianpapillaeabsent 
aurat7gabadense(FaTooqm, 1970). Adamson & Waerebeke, 1992 
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10. Female tail l/4*-l/5* of body length, caudal papillae three pairs, third pair on 
caudal appendage : /cem/(Schwenk, 1929) Basir, 1956 
- Female tail 1/4 of body length, caudal papillae two pairs, a single median 
papilla on caudal appendage rafiai (Parveen & Jairajpuri, 1980) 
11. Lateral alae present, female tail l/4*of body length 
raoi (Rao & Rao, 1966).Adamson & Waerebeke, 1992. 
- Lateral alae absent, female tail more or less than 11A of body length 12 
12. Female tail 1/7 of body length, two pairs of caudal papillae, a single median 
papilla in between postcaudal pair 
welchi (Farooqui,1968) Adamson & Waerebeke, 1992 
- Female tail 1/3^ '* of body length, four pairs of caudal papillae, fourth pair 
located on caudal appendage atheri (Parveen & 
Jairajpuri, 1983). 
y 
/ • 
\ 
25 
Genus Hammerschmidtiella Chitwood, 1932 
Synonym: Welchiella Gupta and Kaur, 1978 
The genus Hammerschmidtiella was proposed by Chitwood (1932) to 
accommodate Oxyuris diesingi Hammerschmidth, (1838). The same species was 
described by Leidy (1850) as Streptostoma gracile and by Diesing (1851) as 
Anguillula macrura. 
Rao and Rao (1956 c) and Rao (1958) reported H. manohari and H. singhi 
respectively from South India. Kloss (1966) added H. acreana from Brazil. In 
1978, Gupta and Kaur described a species W. poinari under the genus Welchiella 
which is considered a synonym of Hammerschmidtiella and transferred to as 
H. poinari by Adamson and Waerebeke (1992 a). Spiridonov (1984 b) reported 
H. cristata from Diplopods of Cuba. H. andersoni was reported from Saudi Arabia 
by Adamson and Nasher (1987). Zervos (1987 a) described a new species under 
the genus Suifunema which was later transferred to this genus as H. mackenziei by 
Adamson and Waerebeke (1992 a). Singh and Kaur (1988) reported H. basiri from 
India. At present the genus includes 11 species from all over the world. The type 
species //. diesingi were collected during the present study. 
Diagnosis (Adamson and Waerebeke, 1992 a): 
Female: Body spindle shaped. Cephalic extremity formed by two annules and 
cervical region with variable number and arrangement of enlarged annules. 
Oesophageal corpus with pseudobulb, isthmus cylindrical. Vulva in anterior third 
of body. Vagina and uterus posteriorly directed. Didelphic, prodelphic. Eggs 
elongate. Tail attenuate. 
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Male: Cephalic extremity formed by single expanded annule. Oesophageal corpus 
clavate. Cuadal extremity abruptly truncate, posterior to anus with spine like 
appendage. Cuadal papillae consisting of one pair subventral preanal, one pair 
lateral adanal, one pair subventral just posterior to anus and one duplex papilla at 
the base of cuadal appendage. 
Hammerschmidtiella diesingi (Hammerschmidt, 1838)Chitwood, 1932. 
(Figs. 3) 
Synonyms: Oxyuhs diesingi HammQTschmidt, 1838 
Aorunis (Streptostowa) diesingi (Ham., 1838), Walton, 1927 
Aonirus (Streptostoma) blattae-orientaUs (Ham. 1847), Walton, 1927 
Aorurus diesingi (Ham., 1838)Trav,assos, 1929 
Leidynemella periplaneticolae Singh and Singh, 1995 
Dimensions: 
Females (n = 5): L = 1.925-2.77 (2.485 + 0.327) mm; a = 9-11.6 (10.086 ± 
0.864); b = 7.9-8.9 (8.56 ± 0.397); c = 2.61-3.33 (2.965 ± 0.25); v = 21.56-23.3 
(22.42 ± 0.87); oesophagus = 0.284- 0.329 mm; tail = 0.75-1.00 mm egg = 77-80 
x 29.6-34 |im. 
Male (n = 1) : L = 0.9mm; a - 14.28 ; b = 6.66 ; c = 8.65 ; oesophagus = 0.135 
mm ; tail = 0.104 mm ; spicule = 27|im. 
Description: 
Female: Body spindle shaped, straight after fixation. Cuticle deeply annulated, 
anterior annules 12 - 17 i^m apart, 24 - 30 ^m apart posteriorly. Lateral alae start 
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from base of oesophagus and reach upto the anus, 21 |im wide. Oesophageal 
corpus divided into anterior cylindrical part, 0.102 - 0.109 mm long, 0.022 - 0.034 
mm wide and a posterior elongate ovoid pseudobulb, 0.085 - 0.095 mm long, 
0.060 - 0.081 mm wide. Isthmus 0.034 - 0.046 mm, long, endbulb pyriform, 
0.068 - 0.084 mm long, 0.072 - 0.093 mm wide. Nerve ring at 0.080 - 0.130mm 
from anterior end. Cardia distinct. Excretory pore at 0.117-0.55 mm from anterior 
end. 
Gonads didelphic, prodelphic. Vagina and common uterus posteriorly 
directed. Vulva, a small transverse slit in anterior third of the body. Oocytes 
arranged in a single row. Vagina sclerotized and muscular. Eggs elongate. Tail 
filiform. 
Male: Body small and has truncated appearance, curved at the posterior end after 
fixation. The tail branch out like a spike from the posterior end of body. Cuticle 
annulated , 14-18 |im apart in the anterior region , 9 |im apart posteriorly. Lateral 
alae present . Oesophageal corpus devoid of pseudobulb, 0.065 mm long, 0.017 
mm wide ; isthmus well developed , 0.040mm long 0.011mm wide . Endbulb 
ovate, 0.030 mm long , 0.026 mm wide . Nerve ring at 0.045 mm from anterior 
end. Testis single. Cuadal papillae three pairs: one pair preanal, one pair adanal 
and 3 rd pair postanal and ventral, a single median papilla present a little 
behind postanal pair. Tail spicate. 
Host : Periplaneta americana 
Habitat : Posterior gut 
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Locality : Aligarh (North India) 
Remarks : The present specimens conform well with the description and 
measurements given by earlier workers. 
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Genus Leidynema Schv/enk (in Travassos, 1929) 
The genus Leidynema was established by Schwenck (in Travassos, 1929). 
Chitwood (1932) described its species L. appendiculatum and another species 
L. delatorei from Cuba. Basir (1956) transferred Oxyuris socialis ( Leidy, 1850) to 
Leidynemella (Chitwood and Chitwood, 1934), which was now transferred to the 
genus Leidynema by Adamson and Waerebeke (1992 a). Farooqui(1967) reported 
two species from South India, viz., L. periplaneti and L. schwenki from 
Periplaneta americana and Blatta orientalis respectively. L. portentosae 
possessing several protuberances in the posterior region of male was described by 
Waerebeke (1978) from Madagascar. At present genus includes seven species. 
Collection of nematodes from P. americana revealed L. appendiculatum. 
Diagnosis (Adamson and Waerebeke, 1992 a): 
Female: Cephalic extremity formed by two annules. Esophageal corpus divided 
into narrow anterior and broad posterior portions of roughly equal length, isthmus 
short. Intestine with blind diverticulum. Vulva near midbody. Amphidelphic. Eggs 
large and elongate. Tail attenuate. 
Male : Cephalic extremity formed by single expanded annule . Lateral alae 
present or absent. Spicule present or absent. Cuadal extremity with short terminal 
spine. Cuadal papillae consisting of one large subventral preanal and one to three 
tiny subventral and one sublateral postanal pair. 
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Leidynema appendiculatum (Leidy, 1850) Chitwood, 1932 
(Fig. 4) 
Synonyms-.Thelastomaappendiculatum Leidy, 1850 
Oxyuris blattae Hammerschmidt, 1847, of Galeb, 1878; 
(9.6/a«(3e-o/"/e«ra//5Hammerschmidt, 1847 of Magalliaes, 1900; 
L blattae oriental is (Hammerschmidt, 1847) of Schwenk, in Travassos,1929; 
L.appendiculata amencana Serrano Sanchez, 1947; 
L.appendiculata Indiana Serrano Sanchez, 1947. 
Dimensions: 
Females (n = 5): L = 1.95-2.9 (2.475 ± 0.386) mm, a = 10.11-13.13 (11.18 ± 
1.24); b = 5.55-7.25 (6.28 ± 0.658); c = 4.136-4.92 (4.369 ± 0.335); v = 41.96-47.9 
(45.072 ± 2.18); oesophagus 0.324 - 0.425mm; tail = 0.55-0.65 mm; intestinal 
diverticulum = 0.471-0.55mm; eggs = 94-102 x 31-36.45)im. 
Male (n = 1): L = 0.098 mm; a = 12.25; b = 5.69; c = 81.66; oesophagus - 0.172mm; 
spicule = 31.59jim, 
Discription: 
Female: Body cylindrical, tapering at both ends, straight after fixation. Cuticle 
annulated throughout body, 12 - 17 }xm apart anteriorly and 14-21 |im apart at 
midbody. Lateral alae prominent, each terminating posteriorly in a spine like 
projection. Mouth surrounded by eight labial papillae. Buccal cavity small, 12-18 
\im. Oesophageal corpus divided into anterior cylindrical part, 0.140 - 0.274 mm 
long, 0.029 - 0.034 mm wide and posterior broader part, 0.140 - 0.152 mm long, 
0.051 - 0,059 mm wide. Isthmus distinct, 0.015 - 0.020 mm long; endbulb, Qms -
0.098 mm x 0.088 - 0.098mm wide. Anterior part of intestine enlarged and 
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provided with a posteriorly directed intestinal diverticulum. Nerve ring at 0.110 -
0.150 mm and excretory pore at 0.431 - 0.617 mm from anterior end. 
Gonads amphidelphic. Vulva transverse, slightly posterior to midbody. 
Vagina sclerotized, muscular and anteriorly directed. Ovaries well developed. 
Oocytes arranged in a single row. Eggs elliptical, laid singly. Tail filiform. 
Male: Body small, curved ventrally at the posterior end after fixation. Cuticle 
annulated through out body length, Lateral alae present. Head annule, 9.72 [im 
long 19.44 |im wide. Mouth opens into a small buccal cavity, 9.72 |im long, 7.29 
^m wide Oesophagus has a corpus of uniform diameter, 0.111mm long, 0.019 mm 
wide; a short isthmus, 0.024 mm long, 0.012 mm wide. Endbulb 0.036mm long, 
0.038 mm wide. Nerve ring located at 0.117mm from anterior end. Testes single 
reflexed at the tip. Caudal papillae three pairs: one pair subventral preanal, one 
pair subventral postanal and one pair subdorsal postanal. 
Host ; Periplaneta americana 
Habitat : Posterior gut 
Locality : Aligarh (North India) 
Remarl<s : The present specimen conform well with the description and 
measurements given by earlier workers. 
Keys to the species of the genus Leidynema 
1. Spicule more than 40 ^m 2 
- Spicule less than 40 |im 3 
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2. Spicule 42 nm, several protuberances present in the posterior region of males--
-portentosae Waerebeke, 1978 
- Spicule 63 |im, males without protuberances 
5oc/a/w(Leidy, 1850)Adamson& Waerebeke, 1992a 
3. Lateral alae present in females only 4 
- Lateral alae present in both sexes 5 
4. Lateral alae in female ends in backwardly pointed projection 
schwenki Farooqui, 1967 
- Lateral alae in female do not end in backwardly pointed projection 
delatorrei Chitwood, 1932 
5. Females oesophagus, 1/6-1/5th of body length; males with five pairs of 
caudal papillae -periplaneti Farooqui, 1967 
- Female oesophagus, 1/8* of body length; males with three to five pairs of 
Caudal papillae appendiculatum (Leidy, 1850) Chitwood, 1932. 
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With protein based systems it is possible that the protein examined may 
not be present in all stages of parasite. Further expression of a protein can be 
influenced by environmental factors which may not be reliable. Identification 
based on DNA samples the entire genome rather than the small portion expressed 
in any stage of the parasite and is therefore more likely to reveal species specific 
or even population specific variation. Hence direct examination of the genetic 
material or DNA analysis has become powerful tool in parasite diagnosis. 
The molecular identification of nematode is to exploit the largely non-
coding highly repeated regions of the genome. These sequences evolve very 
rapidly, not having structural constraints placed upon them, and their arrangement 
,interspersed throughout the genome, can lead to easily distinguished 
electrophoretic patterns between closely related species. One such region is the 
ribosomal DNA (rDNA) gene family .The rDNA gene family is a multigene 
family consisting of many copies (100-500 in animals ) of genes encoding for 
three ribosomal components 28s, 5.8s and 18s. In most eukaryotes, the 5' to 3' 
organisation of the gene family is an external transcribed spacer(ETS); the 18s 
gene; an internal transcribed spacer (ITS 1); the 5.8s gene;ITS 2; 28s gene; and the 
intergenic spacer (IGS) (Gerbi 1985); the IGS region is followed by another copy 
of the gene family. 
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NTS ETS ITS-1 ITS-2 IGS 
18s 5.8s 28s 
Diagram of the ribosomal DNA gene family in animals 
(from Hillis«& Davis 1968) 
The regions coding for the 5.8s, 18s and 28s subunits of rRNA are shown 
by bars; NTS = Non-Transcribed Spacer, ETS = External Trascribed Spacer, ITS 
= Internal Transcribed Spacer. 
The rDNA ITS-1 sequences can be amplified in this experiment by 
using different oligonucleotide primers. 
The first primer set (Fig.5 &Fig. 6) consists of one primer, designated as 
ITS 1-F40 ( 5'- GTTGGGCTAGCGTTGGCACC- 3^  ) and the second 
primer is ITS 1-R380 (5'- CCAGTCAGTGTGTTATGTGC- 3') (Szalanski et al 
1997). These two primers amplified ITS-1 sequences. 
ITS-1-F40-^ ITS-1 5.8s ITS-2 
18s ^TS-1-R380 28s 
Structural map of rDNA cistron of nematode. 
The hybridisation positions of oligonucleotide primers are shown on the 
map, and the orientation of each primer for amplifying ITS-1 via PCR indicated by 
an arrow. 
The second primer set(Fig.7 & Fig. 8) consists of one primer, 
designated as rDNA 2 ( 5'- TTGATTACGTCCCTGCCCTTT- 3') (Vrain et al. 
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1992) located in the 3' portion of 18s, the small subunit gene approximately 190 
bp from its junction with ITS-1 and the second primer designated as rDNA 1.58S 
( 5 - ACGAGCCGAGTGATCCACCG- 3 ) (Cherry et al.l997) located in the 
20bp of 5. 8s gene flanking ITS-1. 
rDNA2 - • ITS-1 ITS-2 
18s -rDNA 1.5 8s 28s 
Structural map of rDNA cistron of nematode 
The hybridisation positions of oligonucleotide primers are shown on the 
map, and the orientation of each primer for amplifying ITS-1 via PCR indicated by 
an arrow. 
For the amplification of IGS sequences primer set consists of one 
primer designated as 283-N ( 5'-TTCGAGTAAGCGCGGGTAAACG -3') 
(Petersen & Vrain 1996) located in the 3' end of the 28s gene.The second primer 
designated as 185-0 ( 5'- CAGTTCAGGCAGGATCAAC-3') (Petersen &Vrain 
1996) located in the 5'end of the 18s gene. 
ITS-] ITS-2 283-N - • IGS 
18s 5.8s 28s 
185-0 
18s 
Structural map of rDNA cistron of nematode 
The hybridisation positions of oligonucleotide primers are shown on the 
map, and the orientation of each primer for amplyfying IGS via PCR is indicated 
by an arrow. 
36 
Phylum Nematoda displays a wide range of ITS sizes. The first primer set 
ITS-F40 and ITS-R380 was used by earlier worker for ITS -1 amplification in 
Soyabean cyst and Sugarbeet cyst nematodes, the size of amplicon was 328-340 
bp ( Szalanski et al.,1977) . This primer set amplified ITS-1 sequences of 
nematode species from different genera like H. deisingi , L.appendiculata , 
T.basiri and T.rafai, the size of amplicon lies in the range of 750 - 1000 bp. 
The second primer set rDNA2 and rDNAl.SSs was used for ITS-1 
amplification in beetles Nicrophorus species and the size of amplicon was 488-
698 bp ( Szalanski et al.,) also amplified ITS-1 sequences in H.diesingi, 
L.appendiculata and T.basiri, amplification was not achieved in T.rafai. The size 
of amplicon lies in the range of 750-1000 bp. 
IGS sequences of genomic rDNA is highly variable region in nematodes. 
The IGS primer used for amplification of IGS sequences of different Melidogyne 
species (Peterson & Vrain 1996) but these primers did not amplified IGS 
sequences of the four above species. 
This shows that ITS-1 regions have high sequence conservation observed 
at the other end of each gene whereas the IGS region lacks sequence conservation 
at the other end of each gene. Therefore, the best option for this is to know the 
nucleofide sequences at the 3' end of the 28s and the 5' end of the 18s genes of 
genera of interest and to design common primers that can amplify the IGS of all 
species to be compared. 
For amplification of ITS-1 sequences in experimental species , the rDNA2 
and rDNA 1.58s are more suitable for different genera like H. diesingi, T. basin 
and L. appendiculata, the size of amplicon is 750 - 1000 bp and the intensity of 
band shows that the maximum number of copy of this sequence is present in 
H. diesingi, T. basiri, than in L. appendiculata. 
ITS size alone, however is insufficient evidence upon which to base 
taxonomic reevaluation, rDNA ITS products have been used in the diagnosis of 
many species of nematodes that are difficult to identify morphologically, but due 
to limited time and resources, work was carried out upto only ITS-1 size variation. 
For species identification and variation within species RFLP and sequencing of 
amplicon would prove more reliable. However, this was beyond the scope of the 
present work and hence will be taken up during the Ph.D. programme. 
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Fig. 1 Thelastoma basiri 
A - Female anterior end 
B - Female head end 
C - Vulval region 
D - Female posterior end 
E- Egg 
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Fig. 1 
Fig. 2 Thelastoma rafiai 
A- Female anterior end 
B - Female head end 
C - Vulval region 
D - Female posterior end 
E- Egg 
A D 
C E 
B 
\ 50jim 
4 50jim 
D 
Fig. 2 
Fig. 3 Hammerschmidtiella diesingi 
A - Female anterior end 
B - Female head end 
C - Vulval region 
D - Female posterior end 
E - Male anterior end 
F - Male posterior end 
G- Egg 
F 
Fig. 3 
Fig. 4 Leidynema appendiculatum 
A - Female anterior end 
B - Female head end 
C - Vulval region 
D- Female posterior end 
E- Male anterior end 
F - Male posterior end 
G- Egg 
A 
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G 
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Kb M 
3000 
2000 
1500 
Fig. 5 Amplification of rDNA ITS-1 region and portion of 18S and 
5,8S genes using primers : ITS -1- F40 and ITS-1-R380 
Kb = Kilo base pair of DNA, M 
I = Leidynema appendiculatum 
I Kb Marlcer, 
3000 
2000 
1500 
Fig. 6 Amplification of rDNA ITS-1 region and portion of 18S and 
5.8S gene using primers : ITS-1-F40, ITS-1-R380 
Kb = Kilobase pair of DNA, M = 1 Kb Marker 
1= Thelastoma rafiai, l=Thelastoma basiri and 
3= Hammerschmidtiella diesingi 
Kb M 1 
fit: J.i-!.!^/. 
3000 
2000 
150 
Fig. 7 Amplification of the rDNA ITS -1 region and portion of 18S and 
5.8S genes using primers : rDNA 2 and rDNA 1.58S . 
Kb = Kilo base pair of DNA, M = 1 Kb Marker 
\=Leidynema appendiculatum 
Kb M 
300a 
2000 
Fig. 8 Amplification of the rDN A ITS-1 region and portion of 18S and 
5.8S genes using primers: rDNA 2 and rDNA 1.58S 
Kb = Kilo base pair of DNA, M = 1 Kb Marlcer, 
1 =Thelastoma basiri, 2 = Hammerschmidtiella diesingi, 
3= Thelastoma rafia 
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